Clinical and laboratory parameters that may affect post-operative mortality and morbidity were studied in 215 patients operated on for obstructive jaundice. The cause of the bile duct obstruction was benign disease in 56.7% of patients and malignant disease in 43.3%. Overall postoperative mortality and morbidity rates were 21.9% and 33.5%, respectively. Eight risk factors were shown to be associated with increased mortality: age > 70 years; malignancy; leucocytosis > 15 000 cells/µl and fever > 38.5°C; haematocrit ≤ 30%; creatinine > 1.3 mg/dl; albumin ≤ 3 g/dl; bilirubin > 20 mg/dl; and serum alkaline phosphatase > 100 IU/l. The simultaneous presence of less than three risk factors was always associated with post-operative survival, but concomitant existence of seven or more risk factors indicated 100% mortality. Understanding the factors related to post-operative morbidity and mortality in patients with obstructive jaundice will better guide appropriate surgical or non-surgical management and lead to improved survival.
Introduction
Biliary tract surgery in the presence of jaundice is still associated with significant morbidity and mortality, despite advances in diagnosis and treatment. 1 The diagnosis of obstructive jaundice can often be made using a carefully taken history and examination. The different management of intrahepatic cholestasis makes early diagnosis of the nature of the obstruction mandatory, however. 1, 2 Pre-operative bile duct drainage has been advocated to minimize the effects of the jaundice; 3 specific palliative procedures such as endoscopic, percutaneous or surgical drainage of obstructed ducts have been proposed to avoid major complications, such as upper gastrointestinal bleeding, renal failure and sepsis.
Improved diagnostic accuracy and increased awareness of the problems of operating on jaundiced patients has resulted in a reduction in operative mortality. 1, 3 The evaluation of prognostic factors, in particular the degree of jaundice, renal function, nutritional state and the cause of the jaundice, in patients with jaundice due to biliary tree obstruction is central to the choice of treatment. 4 We aimed to analyse the potential risk factors for post-operative mortality and morbidity in patients undergoing major biliary tract surgery for obstructive jaundice.
Patients and methods

PATIENTS
The case records of patients undergoing major biliary tract surgery for obstructive jaundice in the Second Department of Surgery, Democritus University of Thrace, Alexandroupolis, Greece, between 1 January 1998 and 31 December 2003 were reviewed. Patients also needed to have a bilirubin concentration > 3 mg/dl to be included in the study.
CLINICAL AND LABORATORY PARAMETERS
Eleven potential predictive factors were studied: gender; age; presence of malignancy; white blood cell (WBC) count and body temperature; haematocrit; creatinine; presence of diabetes mellitus; serum albumin; serum bilirubin; serum alkaline phosphatase (ALP); and alanine aminotransferase (ALT)/ aspartate aminotransferase (AST). The highest values for WBC count, serum creatinine, bilirubin and ALP, lowest values for haematocrit and serum albumin, and the last coagulation profile (prothrombin time, partial thromboplastin time and platelet count) were used for the analysis. All these measurements were taken on the seventh day before surgery.
ASSESSMENT OF POST-OPERATIVE MORTALITY AND MORBIDITY
Post-operative mortality was defined as death due to upper gastrointestinal bleeding, renal failure or sepsis (the major complications of obstructive jaundice) within the first 30 days after surgery. Morbidity due to minor complications, including mild renal failure, high WBC count and fever, within 4 months of the operation was noted.
STATISTICAL ANALYSIS
The χ 2 test was used with 2 × 2 tables to compare each of the potential risk factors with post-operative mortality and morbidity. Continuous variables were converted to qualitative variables by arbitrary division into two separate groups as follows: age (> 70 years versus ≤ 70 years), WBC count and fever (white blood cells > 15 000/µl and body temperature > 38.5°C versus WBC count ≤ 15 000/µl or body temperature ≤ 38.5°C), haematocrit (≤ 30% versus > 30%), creatinine (≤ 1.3 mg/dl versus > 1.3 mg/dl), albumin (≤ 3 g/dl versus > 3 g/dl); bilirubin (≤ 20 mg/dl versus > 20 mg/dl); ALP (≤ 100 IU/l versus > 100 IU/l); and aminotransferases (AST or ALT ≤ 100 IU/l versus AST or ALT > 100 IU/l).
A P-value < 0.01 was considered to be statistically significant.
Results
The records of 215 consecutive patients were analysed. There were 97 males (45.1%) with a mean age of 57 years (range 46 -84 years) and 118 females (54.9%) with a mean age of 61 years (range 44 -86 years). Of these, 122 (56.7%) had bile duct obstruction due to a benign cause, and malignancy was documented in the remaining 93 patients.
The overall post-operative mortality was 47 out of 215 patients (21.9%), and postoperative morbidity was present in 72 out of 215 patients (33.5%). The most common complications were renal failure (creatinine > 1.5 mg/dl; 37.7%), gastrointestinal bleeding (11.2%) and sepsis (10.2%). The mortality and morbidity associated with each of the potential risk factors, together with statistical analysis of the results, are given in Table 1 . For post-operative mortality, all factors except gender, presence of diabetes mellitus and elevated aminotransferases had a predictive value. All factors except gender, age, presence of malignancy and elevated aminotransferases had a predictive value for post-operative morbidity. 
Discussion
Despite advances in peri-operative management and operative techniques, the surgical treatment of jaundiced patients is associated with high morbidity and mortality rates (10 -37%). 1 Studies have shown that the severity of jaundice and the presence of malignant disease are important risk factors for post-operative mortality. 2, 4 In our study, eight factors were significantly correlated with post-operative death: age, presence of malignancy, WBC count and fever, haematocrit, creatinine, albumin, bilirubin and serum ALP. Gender, presence of diabetes mellitus and elevated aminotransferases did not significantly affect post-operative survival. Pre-operative differentiation of benign and malignant causes of obstruction using clinical and laboratory data is difficult, 5 although significant differences in bilirubin, ALP and ALT concentrations between these two groups have been demonstrated in another series. 3 Patients with malignant obstruction, almost without exception, experienced anorexia and weight loss before admission; these symptoms are much less common in patients with benign obstructing lesions. This is of particular importance since it has been shown that an initial low haematocrit (< 30%; normal 35 -54%) and low serum albumin concentration are significantly related to post-operative mortality and morbidity, and reflect a state of malnutrition rather than blood loss. 6 In 1978, a retrospective study by Nakayama et al. 7 demonstrated that preoperative percutaneous transhepatic biliary drainage in patients with cholestatic jaundice reduced bilirubin concentrations and lowered operative mortality from 28% to 8%. In our study, the bilirubin concentration was also found to affect post-operative mortality. Four controlled trials have attempted to confirm this relationship. 8 -11 The effect of biliary drainage on the serum bilirubin concentration was constant in these studies, causing a mean reduction of 40% of the initial value within 10 -20 days of drainage. 8 -11 Post-operative mortality, however, was not significantly affected by pre-operative biliary decompression.
Post-operative complications in jaundiced patients remain a common problem, despite the use of pre-operative antibiotics and intravenous fluids. Renal failure has long been recognized as a serious complication, 12 and was the most frequent in the present series. This complication is closely related to a high bilirubin concentration and appears to be associated with the presence of systemic endotoxaemia. 13, 14 Analysis of blood for endotoxin and fibrin degradation product levels before surgery may detect patients at high risk of renal failure, 15 and it may be that the deterioration in renal function can be prevented using a combination of preoperative antibiotics and oral bile salts. 16 The second most common post-operative complication in our series was upper gastrointestinal bleeding, which was observed in 11.2% of patients. Gastric erosions were the most frequent sites of bleeding. This association has been noted by other authors, 3, 17 but its aetiology remains unknown. Sepsis was the third major complication in this group of patients.
We conclude that the management of jaundiced patients with bile duct obstruction remains a significant problem. The improving accuracy in pre-operative diagnosis and a better understanding of the factors related to post-operative morbidity and mortality in these patients will enable a more informed choice of appropriate surgical or non-surgical management and lead to improved survival.
